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Abstract 
The BIGCO2 R&D (BIGCO2) Platform is an international collaborative research project aiming at developing several enabling 
technologies and innovative solutions supporting a large-scale deployment of CO2 capture from power generation and underground 
storage of CO2. All main routes for CO2 capture are investigated. The project is coordinated by SINTEF Energy Research and the 
budget of the current project period (2007-2011) is 16 M€. 
 
BIGCO2 builds knowledge and technology underpinning demonstration of power generation with carbon capture and storage 
(CCS) at industrial scale. The project aims at closing critical knowledge gaps in the CO2 chain to enable sustainable power 
generation from fossil fuels based on carbon capture and underground storage of CO2. BIGCO2 is unique in terms size, diversity, 
and the fact that it comprises the whole CO2 chain. The project includes extensive international collaborative effort bringing 
together expertise and research infrastructure of competent research institutes and universities, supported by leading vendors, 
energy companies, and oil and gas companies.  
 
This paper presents the structure, the original objectives and the achievements of BIGCO2. Further, for each research task, the 
results are analyzed in light of the objectives. Each task leader has analyzed the results in the following context of: originally stated 
objectives, results, and if the results meet the objectives. 
 
The purpose of BIGCO2 is to develop new knowledge to enable power generation with CCS. Tangible objectives are: 90 % CO2 
capture rate, 50% cost reduction, and a fuel-to-electricity penalty less than 7 % compared with state-of-the-art power generation. 
Partners of the Consortium are: Statoil, GE Global Research, Statkraft, Aker Clean Carbon, Shell, TOTAL, ConocoPhillips, 
ALSTOM, DLR, TUM, NTNU, CICERO, SINTEF Materials and Chemistry, SINTEF Petroleum Research, and SINTEF Energy 
Research. The University of Oslo is a subcontractor to the project. Further, BIGCO2 benefits from a strong collaboration between 
the combustion research facility at Sandia National Laboratories (USA) and SINTEF Energy Research. The main sponsor of 
BIGCO2 is the Research Council of Norway, with considerable co-funding from the industry partners and Gassnova. The research 
challenges and approach are extensively presented in [1]. 
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1. Introduction 
Norway was an early mover within CO2 capture and storage (CCS). Since 1996 more than 10 M ton CO2 has been 
injected in the Utsira formation, providing unique knowledge regarding processing and injection of CO2. In CCS 
research SINTEF and NTNU have been pioneers. SINTEF Petroleum research early identified CO2 storage as an 
option for reducing CO2 emissions. Later SINTEF Energy Research and SINTEF Materials and Chemistry jointly with 
NTNU systematically have built competence in a range of CO2 capture technologies and integrated power cycle 
analysis. The BIGCO2 R&D Platform (BIGCO2) supports Norway’s ambition by investigating several technological 
options for CCS, and develops the scientific basis for future solutions for CCS with lower cost and higher efficiency 
than current solutions taking environmental aspects into account. All main routes for CO2 capture are investigated. 
The BIGCO2 project represents a coordinated effort to establish the scientific platform for developing new knowledge 
and technology for power production with CO2 capture and storage. So far the project and its predecessors have 
resulted in progress within multiple research areas related to CCS and have led to spin-off projects, among others the 
BIGCCS Research Centre. The research challenges and approach are extensively presented in [1]. This paper presents 
the BIGCO2 R&D Platform and outlines the objectives and main achievements from the project.  
2. The BIGCO2 R&D Platform – Objectives and Achievements 
2.1. Task A – High temperature membranes for clean power production 
Objectives 
  Oxygen transport membranes (OTM) is the focus of this task aiming to promote the development of future 
applications of membranes for improved oxygen production, i.e. integrated in combustion-based power plants. The 
objective is to establish and develop fabrication and sealing technology for planar and tubular ceramic membranes and 
use the technology for production of membrane modules incorporating ceramic oxygen or hydrogen membranes. This 
objective includes development of:  
x Membrane materials with sufficient flux, i.e., > 10 mLcm-2min-1 at the operating temperature (around 1000ºC) 
x Fabrication techniques which enable up-scaling of single membrane units 
x Methods for producing low-cost membrane modules, i.e., < 2000 €/m2 installed membrane area 
x Membrane modules with sufficient life-time, i.e., > 5 years 
 
Achievements 
  The OTM material system selected for investigation is La2NiO4+G. Under atmospheric conditions oxygen flux of 4 
mLcm-2min-1 is obtained for planar asymmetric membranes (10 μm thick dense layer on porous support) of this 
material at 1000ºC [2]. Based on ongoing pressurized measurements the flux dependency of the oxygen partial 
pressure difference (pO2feed - pO2permeate) will be predicted to determine under which conditions the targeted flux 
of > 10 mL cm-2 min-1 can be reached. Development of the material system within the project indicate increased 
membrane stability when Ni is partially substituted with Fe [3] and an increase in oxygen flux is demonstrated by 
reducing the La/Ni molar ratio to <2 [4].  
  Membrane fabrication procedures are developed with a gradual up-scaling starting with preparation of disk shaped 
membranes of 10-20 mm diameter. At the current stage tubular porous supports up to 1 m length are produced by 
ceramic extrusion, a technique which is used for commercial production of tubular ceramics. Developed dip-/spray-
coating procedures, for deposition of dense selective layers onto the supports, may also be applied for large-scale 
membrane fabrication. Asymmetric membranes with dense layers down to ~10 μm thickness are demonstrated [5-7]. 
  In order to assemble the produced membranes into larger modules, sealing technology is a key issue. BIGCO2 has 
educated one PhD specifically on glass ceramic seals for high temperature membranes [8]. In addition to the tailoring 
of glass ceramic seals compatible with the selected membrane material systems, brazing procedures are investigated 
and tested for single tube membrane modules[4]. Based on the current development of OTM technology it is difficult 
to predict the cost of large scale membrane modules and this has not yet been evaluated within BIGCO2. Conclusive 
results for membrane life time cannot yet be obtained, however, high temperature flux measurements have been 
conducted over a period of >4000 hours [9].  
2.2. Task B - Improved post-combustion CO2 capture by novel solvents development, system modeling and simulation 
Objectives 
x Gain expertise on absorption processes and working media on a short notice to respond appropriately to the 
growing demand for CO2 capture in power cycles 
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x Establish a firm basis for assessing the environmental impact of amine-based absorption and related solvents used 
in post-combustion capture cycles 
 
Achievements 
 During the first years the activity has been directed toward process modeling and solvent development. Screening 
and characterization of different solvents including amines, carbonates and amino acids salts were started [10-13]. 
Important properties, such as kinetics [14, 15], phase equilibria [16], enthalpy of absorption [17, 18] were measured 
for a number of solvents. The work also included molecular simulation and test of the candidate solvents at pilot plant. 
Further, development of thermodynamically consistent model [19, 20] for CO2 capture was done. Expertise gained 
through the project resulted in the establishment of the SOLVit project focused on solvent development and process 
modeling. Activity in the BIGCO2 after SOLVit start-up focused more on fundamental studies and environmental 
impact of amine plants as well as on process modeling.  
 Thermodynamic studies focused on improving the understanding of chemical equilibrium and thermodynamics of 
amine solvents. Both experimental and theoretical approaches are used in order to study temperature effect on two 
main reactions taking place at CO2 absorption with chemical solvents, namely protonation and carbamate formation. 
Temperature dependency of carbamate stability constants for different amines were studied by molecular modeling 
[21, 22]. Experimental methods for measuring carbamate stability constants by titration were evaluated [23]. 
Experimental measurements of equilibrium constants and enthalpies of protonation were done for several generic 
amines. Different from other published data, emphasis was on measurements at elevated temperatures [24-26].  
 In process simulation the efforts were put into the dynamic model allowing prediction of process behaviour at 
different transient condition [27, 28]. Transient conditions occur normally during start-up and shut-down, but many 
power plants are operated at varying load meaning that the inlet conditions for the capture plant will change 
continuously.   
 The goal of the environmental study is to provide an overall assessment of the current state of knowledge on the 
environmental effect of post-combustion CO2 capture with amines. Review over degradation of amines and amino 
acids and their reaction with components such as NOx was done. The study showed that formation of the nitrosamines 
in amine solvents is highly probable and reaction mechanisms supporting this conclusion were presented.  
2.3. Task C – Pressurized combustion of enriched fuels  
Task C is a combined effort of three European research institutions: SINTEF Energy Research, DLR, and TUM, 
focusing on technological and scientific aspects of gas combustion applied to CO2 capture processes, namely pre-
combustion and oxy-fuel combustion. Both methods carry technological challenges as they introduce new types of 
combustion environment. 
 
 
Objectives 
 
x Advance the fundamental understanding of hydrogen and oxy-fuel combustion 
x Present improved numerical and experimental tools to facilitate design and validation of hydrogen and oxy-fuel 
combustors 
x Evaluate the technical potential of candidate combustion systems to be integrated in a gas turbine engine 
 
Achievements  
 Fundamental aspects of oxy-fuel combustion had been missing because there is no other application than CCS for 
that type of combustion. Earlier applications of oxy-fuel combustion are the glass and steel melting industries, where 
pure oxygen is used to substitute or enrich the combustion air. However, the high temperatures achieved in such 
furnaces are not compatible with combustion systems in power processes, necessitating the use of strong CO2 dilution 
and opening thus a new field of R&D. Other existing applications related to oxy-fuel are MILD (or flameless) 
combustion and exhaust gas recirculation techniques (EGR), where products of combustion are recirculated in the 
flame zone. Even in the later applications, air is still the oxidizer and its CO2 content is relatively low. To fill the 
knowledge gap in fundamental oxy-fuel combustion, the Task C has studied generic configurations such as jet flames 
in co-flows, laminar premixed flames, and shock tube experiments. All the investigations included a systematic 
comparison with the corresponding air-supported combustion cases and a considerable amount of basic properties has 
been gathered. For example laminar flame speeds and ignition delay times were measured at various oxygen 
concentrations in the oxidizer and pressure, and compared with the results from kinetic chemistry simulation [29, 30]. 
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The structure of oxy-fuel flames has been well characterized by the measurements of distribution of heat flux, soot, 
species, and temperature [31-34] and can serve as validation data for simulation.. 
 In the pre-combustion alternative, the typical problem of a hydrogen-fired gas turbine is the implementation of low 
NOx burner technologies. The major issue is that the burners used to lower NOx emission experience damageable 
flashback. One of the mechanisms of undesirable flashback is the propagation of the flame along the wall. 
Experiments on flashback limits and flame propagation inside the boundary layer for preheated atmospheric hydrogen-
air mixtures have provided a new understanding of the flashback process, as described in [35-39]. A finding of 
importance was that the measurement of meaningful and safety-critical flashback limits has disproved the widely 
adopted model of Lewis and von Elbe (1943). 
 A challenge in using H2 as a fuel is its high reactivity requiring adapted chemical kinetic mechanism especially at 
high pressure. In collaboration with Sandia NL (USA), theoretical kinetic studies using high-level quantum chemistry 
methods have focused on the temperature and pressure dependence of the reactions H + O2 (+M) = HO2 (+M) and H + 
OH (+M) = H2O (+M) which are of importance in H2 pressurized combustion [40, 41]. 
 A novel framework (LEM3D) having the potential for high-fidelity turbulent combustion simulations has been 
developed in collaboration with Sandia NL (USA). This non-reacting model is believed to be well adapted to cope 
with the specificity of H2 mixing and has been assessed through a number of experimental test cases and further 
implemented in a conventional CFD code [42-44]. Another new non-linear and one dimensional simulation tool has 
been developed to deal with the recurrent problem of thermo-acoustic instability in gas turbine combustion systems, 
which combines the simplicity of model calculations with good predictive ability of instabilities [45]. 
 On the experimental side, oxy-fuel combustion revealed to be particularly challenging to investigate by advanced 
laser diagnostics and special provision must be made to cope with the high concentrations of CO2 (CO2 
chemiluminescence, gas radiation) and O2 (temperature, soot) [33, 46, 47]. 
 Finally, to fulfill the third objective, the widely used swirl in burner technology has been tested for stability in oxy-
fuel mode on a standard IFRF moveable block burner and showed its sensitivity to operating conditions such as 
oxygen excess. At a larger scale, the BIGCO2 project funded a high pressure oxy-fuel test rig at DLR, where the 
practical burner hardware termed the DLR burner based on swirling flows concept, has been tested at pressurized 
conditions up to 150 kW and 5 bar, for which stability maps could be built [48]. Lately, a promising concept termed 
MILD combustion was also tested in the same facility [48]. 
2.4. Task D – Power cycle integration and analyses including unit modeling and simulation 
Objectives 
x Provide the required level of knowledge and expertise that are necessary to enable gas-fired power plants with CO2 
capture for the future in compliance with the stated compound target of BIGCO2 in terms of capture rate and unit 
cost 
x Evaluate the potential for realization of novel CO2 capture technologies in power cycles and provide feedback to 
the working groups in BIGCO2 
x Identify promising candidate power cycles with carbon capture and ensure viability of such plants with respect to 
technical and economic criteria 
 
Achievements 
 As a follow-up to the benchmarking performed in BIGCO2 Phase I [49], an analysis was performed on the impact 
of the selected framework in benchmarking of CO2 capture processes [50]. The analysis was performed for the 
technologies closest related to the standard natural gas combined cycles (NGCC), i.e. post-combustion, oxy-fuel 
combustion and pre-combustion capture, using an auto-thermal reformer. For each technology, the impact of 
development affecting the following relevant parameters was considered: combustor outlet temperature, compressor 
pressure ratio, air separation energy requirement, solvent regeneration energy and absorber pressure drop. A main 
conclusion from this work is that the future development potentials should be investigated before launching a product 
development program for any capture technology, so that decisions are not founded only on what would be possible to 
achieve with present state-of-the-art technology. As another follow-up to the work performed on CO2 processing in 
Phase I [51], it was illustrated how incomplete fuel conversion in CO2 capture from e.g. chemical looping combustion 
will lead to reduced process efficiency and additional impurities in the captured CO2 [52]. An investigation of various 
process configurations to counteract this effect was the focus of the study. 
 As BIGCO2 has progressed, the challenges related to post-combustion capture with solvents such as MEA have 
become more and more evident and much work has therefore, in dialogue with task B, focused on different aspects of 
this technology and its relation to the overall power process with CO2 capture: 
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x The exergetic performance of NGCC with post-combustion CO2 capture processes has been analyzed in detail. The 
overall exergetic efficiency of CO2 capture and compression was found to be 31.6% [53]. Through identification 
of the major causes of irreversibility in MEA-based CO2 scrubbing, process modifications for more energy 
efficient capture have analyzed. The reduction in electrical output efficiency penalty compared to the reference 
case was calculated at 0.8 percentage points [54]. 
x The impact of exhaust gas CO2 concentration on energy requirement for NGCC post-combustion capture was 
illustrated in a comparative study for natural gas, coal and biomass power cycles [55]. Required capture plant size 
and process parameters were analyzed, as well as interdependencies and trade-offs between regeneration and 
compression energy for the selected capture process.  
x A systematic methodology for integration of the post-combustion capture unit with a natural gas combined cycle 
was developed, based on process simulation and optimization models [56]. Application of this methodology 
results in integration schemes that are expected to improve the overall power plant energy efficiency. 
 
 During the application phase and early operational phase of BIGCO2 Phase II, the intention was to proceed with 
the approach from Phase I and generate a broad picture of many different natural gas-based CO2 capture technologies 
integrated in power plants and focus on efficiency, cost and operability, with an extended benchmarking as the 
ultimate goal. It became however evident during the first two years of BIGCO2 Phase II that globally the in-depth 
knowledge of different capture technologies was rapidly increasing, and also, considering the activity at Technology 
Centre Mongstad and other demonstration plants, that post-combustion CO2 capture appeared to be the first 
technology to be implemented on a large scale for natural gas. A substantial revision of plans and objectives was 
therefore performed at the start-up of the third year, resulting in the following actions:  
x Cost analysis was excluded from the scope 
x Research on capture technology integration and power process performance from now was focusing on post-
combustion capture with solvents, using Task B knowledge as a resource in order to strengthen focus and narrow 
the scope 
x Work on operability analysis proceeded as planned 
 
Highlights from the operability and transient analysis of different CO2 capture can be summarized as: 
x For hydrogen membrane reactors, the required performance of critical components, and thus also barriers, have 
been identified through steady-state and dynamic system simulations [57].  
x For the Advanced Zero-Emission Plant (AZEP) process, operation and control, stability and realization 
potential/time-frame has been investigated in detail, including a description of the slow dynamics, impact of 
membrane degradation and a control strategy [58-60]. 
x For the absorber in the post-combustion capture process, a dynamic model was developed [28]. The work relies on 
the steady-state model in [61]. 
 
 During all five years of Task D, the work performed has indeed contributed to increased knowledge and expertise 
necessary for gas-fired power plants. A comparative evaluation of the realization potential for different capture 
technologies was not performed as a consequence of the revision of plans in 2009, but at the same time this revision 
was founded on the fact that post-combustion capture has the largest short-term potential for realization. The research 
carried out during 2009–2011 has revealed the complexity of the task to find the best possible integration of the post-
combustion CO2 capture unit in the NGCC, but also provided the development of a methodology to handle this 
challenge in a structured manner. 
2.5. Task E: CO2 chain analyses  
Objectives 
x Create a modeling framework defining relevant CO2 chain(s) and its main elements and stages from capture to 
storage 
x Quantify the implication and feasibility of the CO2 chains(s) with a well-defined methodology that takes into 
account technical and economic terms 
x Respond to public awareness via realistic scenario analyses pertaining to capture and storage concepts 
 
Achievements 
 In this task focus has been on developing a methodology that enables stakeholders to analyze various CO2 chain 
options in a consistent, systematic, and transparent manner. The methodology use a standardized framework for chain 
analysis and modeling, required that cases are well-formulated to answer specific questions, assumptions are clearly 
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stated, sensitivity analyses are performed, and all steps are well-documented. This methodology can be used to 
identify and support feasible CO2 chain solutions and select the most cost-efficient options. It can also be used to 
demonstrate how technological improvements on various components of the CCS chain impact the overall 
performance. Also, the methodology is efficient in demonstrating impact of achievements potential of cost reduction.  
 In the first round of tool implementation, cases were analyzed to provide insight on the effect of technology 
improvements and the effect of changing market conditions. In 2008, a paper presented results on case studies 
illustrating the economic effects of improving amine capture, developing a competitive oxy-fuel capture, and 
improving storage monitoring [62]. In addition, the effects of CO2 and oil price were summarized. In 2010, the techno-
economic assessment tool was used to explore a different set of case studies to evaluate some of the non-technical 
aspects of the chain related to technology deployment, specifically on economics of scale in transport pipelines, 
scenarios for pipeline infrastructure ownership, and government involvement of a large pipeline network [63]. A major 
result of the case studies implied that while improving CCS technologies is critical for cost reductions, changes in 
market conditions (oil price, CO2 price, etc.) have a much bigger overall effect on the economics of the chain.  
 In the last year of the BIGCO2, emphasis was placed on modifying the tool to investigate how economic incentives 
can facilitate deployment of CCS technology, mainly on reducing the uncertainty and variability of the CO2 price. The 
main achievement from this study was a decision tree model that incorporates the techno-economic parameters of the 
chain with a multiple time-point investment model to calculate the expected costs of waiting to invest in CCS, which 
was presented at TCCS-6 and summarized into a journal article [64]. Major results from this study are that high CO2 
price volatility delays investment and by reducing price uncertainty, CCS technology can be deployed sooner and at a 
lower cost. By examining policy incentives for each stage of technology deployment, price uncertainty can be reduced 
further, combined with expanding technology capacity.   
2.6. Task G: Chemical looping combustion 
Objectives  
 The principal objective is to enable Chemical Looping Combustion (CLC) technology to become a competitive 
option for large-scale power generation with CO2 capture. This will involve the feasibility of delivering CO2 capture at 
costs of 20 €/ton, higher than 90% capture rate and with an efficiency penalty of less than 6% compared to 
conventional combined cycle plants. The following sub-goals were defined:  
x Support pilot and large scale demonstration by establishing a second generation pilot CLC reactor 
x Provide the underpinning research needed to appraise the CLC technology 
x Research, test and validate known and new materials for CLC operation 
 
Achievements  
 A large cold flow model of the fluidized reactor design has been built and is currently tested in the laboratory. The 
model is about 5 m high and has the same dimensions and details as the design of the 150 kW hot reactor. This is a 
new type of design based on a double CFB solution [65]. A test program has been performed in close collaboration 
between SINTEF and NTNU. A clear mode of normal operation was established [66]. In addition three important 
modes of off-design were established. The aim of all the tests was to establish operational windows, experience and 
design validation before building the hot rig [67]. A main outcome was that some rebuild of the system was necessary 
in order to achieve more stable operation as well as to manage high solid flows and a properly distributed particle 
concentration throughout the reactor volumes. The rig was rebuilt and new tests have been performed with large 
operational improvements. In parallel the project has also developed new oxygen carriers based on cheap minerals 
[68]. These materials will later be tested in the hot rig to be built. A small rotating reactor concept has been developed 
at SINTEF MK in Oslo as a complementary design solution to the more traditional fluidized bed solution used for the 
150 kW rig design. The rotating reactor has been tested in hot operation [69]. Fuel conversion can still be improved, 
and work is ongoing in order to increase the temperature to achieve that [70]. The same holds also for gas sealing in 
order to improve the sealing between the air and fuel sector streams. 
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2.7. Task F: Enhanced oil recovery and safe underground storage of CO2 in geological formations  
Objectives 
x Explore CO2 storage as a safe, economic and large-scale option to meet the challenge of reducing anthropogenic 
climate change 
x Increase knowledge and develop the basis of specific technologies within areas of reservoir geology and chemistry, 
carbon cycle, emission and storage scenarios, long-term climate modeling, monitoring and verification of safe 
storage, and economic, institutional, political and legal aspects 
 
Achievements 
 In the part of the project dealing with underground CO2 storage, the focus has been on improving the 
understanding of physical mechanisms affecting the safety of CO2 storage. Of particular interest have been the short 
and medium term mechanisms such as cap rock integrity and dissolution of CO2 into water. 
 Diffusion of CO2 from a gas cap into underlying aquifer water creates an unstable system where gravity convection 
will eventually arise. A new formulation for the description of such systems was developed [71]. In this formulation, 
exact expressions for the time-development of expansion coefficients for the system are described. With this 
formulation new insights into the time scale at which gravity convection will arise can be reached. The time for onset 
of gravity convection depends on the coefficient of diffusion for CO2 in water. This coefficient is difficult to measure 
due to the very short onset-time for convection in bulk systems. An accurate experimental method was developed 
where the convection is suppressed by a porous medium and the rate of dissolution of CO2 from a gas cap into a water 
column can be used to determine the diffusion coefficient. 
 CO2 properties display rapid changes in typical pressure and temperature conditions in injection wells. Modeling 
the phase behavior down through the well requires accurate thermodynamical treatment. A model was developed to 
enable e.g. investigation of the possibility of the formation of CO2 hydrate in the storage formation [72]. To visualize 
the relative influence of gravity, viscous and capillary forces, experiments with different fluid systems were performed 
in a visual 2D cell filled with a porous medium consisting of glass beads [73]. 
 Earlier work on CO2 storage safety indicates that in order to avoid exceeding defined climate targets at some time 
in the future, any leakage from geological storage must be slow enough that the majority of stored CO2 stays in the 
underground for several thousand years. In Task F refined calculations were made with a fast climate model and using 
as input newly developed scenarios for the amount of CO2 stored globally if CCS is a significant contributor to the 
reduction of CO2 emissions. Results from modeling of mechanisms for leakage from geological storage [74] were used 
to arrive at curves for leakage for different assumed overall storage quality and this were combined with the climate 
modeling [75] to determine minimum required storage quality to avoid exceeding the climate targets. As part of Task 
F the Natural Resources Law group at the University of Oslo has supervised several students in master thesis work on 
CCS related topics, such as how responsibilities could be allocated in case of trans-boundary transport of CO2 [76].  
3. Conclusions 
Over the period 2007-2011, The BIGCO2 Research Platform has developed knowledge and technology supporting 
demonstration activities of power generation with carbon capture and storage at industrial scale. Consisting of eight 
industry partners and seven R&D partners, the Consortium has administered a budget of 16 M€. The main outcomes 
of the project are: 
x New knowledge and technology that has advanced the CCS technology considerably closer to the demonstration 
stage.   
x New R&D infrastructure facilitating vital experimental activities has been acquired between the R&D partners. 
x A new generation of highly skilled researchers (PhDs and post.docs) has been educated. To a certain degree 
candidates have already been recruited by the industrial partners. 
x A network has been established consisting of industrial and R&D entities. 
x Established several important spin-off projects, among others the International CCS Research Centre (BIGCCS). 
x BIGCO2 has been a steppingstone for establishment of several innovation projects including SolvIt. 
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